it is more straightforward than the earlier used bulk polymerization [12] .
The disadvantages of precipitation polymerization stem from the fact that it has to be conducted in very dilute solutions (typically around 2-5 w/w% monomer concentration). This implies a high solvent need making this technique economically unfavorable. Moreover, the polymerization does not reach completion and typically results in relatively low yield (40 to 80%). Due to the low monomer concentration the rate of reaction is low and the process is relatively slow. The low monomer concentration raises further concerns in molecular imprinting. The dilute medium can adversely affect the templatemonomer complexation, shifting its equilibrium towards the uncomplexed forms hence the number of imprinted binding sites might significantly decrease.
The mechanism of precipitation polymerization has been thoroughly investigated by the Stöver group. They proposed a reactive entropic growth mechanism for poly(DVB) microspheres in acetonitrile [11, 13] . According to their findings particle initiation is restricted to the early phase of the polymerization and no new particles are formed afterwards. The primary particles grow by capturing soluble oligomeric species from the solution via the reaction of pendant vinyl groups on their surface. The surface, being less crosslinked than the core of the particle, is swollen with solvent and the swollen gel layer functions as a steric stabilizer hindering particle coagulation. This mechanism accounts for the observed monodispersity of the obtained particles. However, the autosteric stabilization mechanism is functioning only in dilute solutions. At higher monomer concentrations the aggregation of the particles leads to macrogelation.
In precipitation polymerization the right choice of the polymerization solvent or solvent mixture is of utmost importance. Up to now acetonitrile has been the most common solvent in precipitation polymerization of DVBand methacrylate-based systems due to its good miscibility with these monomers, as well as its thermodynamic incompatibility with the polymers formed. Moreover, many other solvents do not allow the preparation of stable spherical beads [11, 14] . In MIP-microsphere synthesis the use of acetonitrile or acetonitrile/toluene mixtures is almost exclusive [12] . Nevertheless, it has to be noted that the polar acetonitrile can interfere with H-bonding interactions between the functional monomer and the template and therefore it is not an optimal solvent for the synthesis of MIPs based on such interactions.
In a previous work [15] we have successfully prepared uniform molecularly imprinted polymer particles by altering the commonly used precipitation polymerization method in a way that very high monomer concentrations, up to 40 v/v% could be used. Poly(methacrylic acid-coethyleneglycol dimethacrylate) particles were synthesized in the mixture of paraffin oil and toluene. In an ensuing work imprinted nano/microparticles prepared by this approach were embedded into glass fiber membranes in a one-step procedure [16] .
As there is a growing need for the direct production of MIP beads this work is focusing on the extension of our method to other monomer systems frequently used in molecular imprinting. In the first part an explanation is given why microparticles are formed despite the high monomer concentration and how the morphology of the particles is affected by different polymerization parameters. We explore the effect of the different functional monomers, crosslinkers and polymerization solvents on the morphology of the obtained polymer beads. These findings can give useful hints to design the synthesis of novel MIP microparticles using this method. Finally, we demonstrate the imprinting of three different templates. Naproxen, diclofenac and toltrazuril MIP microspheres are prepared and characterized confirming that the method has a general applicability in molecular imprinting (see Figure 1 for chemical structure of the templates).
Experimental

Reagents
Methacrylic acid (MAA), methacrylamide (MAAm), 4-vinylpyridine (4-VPy), ethylene glycol dimethacrylate (EGDMA), 2-hydroxy ethyl methacrylate (HEMA), methyl methacrylate (MMA), trimethylolpropane trimethacrylate (TRIM), divinylbenzene (technical grade, 80%, DVB-80), caprylonitrile, tetrahydrofuran (THF), 1-octanol, cyclohexane, dichloromethane, chloroform, carbon tetrachloride, 1,1,1-trichloroethane, n-hexane, n-heptane, n-decane, n-tetradecane, azobisisobutyronitrile (AIBN) and diclofenac were purchased from Sigma-Aldrich (St. Louis, MO, USA). HPLC grade acetonitrile and methanol were purchased from Merck (Darmstadt, Germany) HPLC grade toluene was obtained from Prolabo (Fontenaysous-Bois, France). Paraffin oil (PO) was Ph. Eur. and purchased from a local pharmacy. Naproxen was a generous gift of the Hungarian National Institute of Pharmacy. Toltrazuril was purchased from SigmaAldrich. Water was purified with a Milli Q Direct 8 system (Millipore, France). MAA, EGDMA and TRIM were purified before use by using an inhibitor remover column (Sigma-Aldrich). 4-VPy was freshly distilled prior to use, DVB-80 was purified by percolation through an alumina sorbent bed.
Preparation of the polymers
The polymerization mixture containing the functional monomer, crosslinker, initiator and the polymerization solvent was prepared in a glass vial prior to polymerization. The mixture was purged with argon for 1.5 minutes, tightly sealed with a PTFE septum cap and was placed into a thermostat at 60 o C for 24 hours. The formed polymers were thoroughly washed with 3×3 mL toluene followed by 3×3 mL methanol and were dried overnight under vacuum. For the detailed composition of the polymers prepared see Table 1 .
A typical polymer recipe was as follows. Functional monomer, (0.147 mmol), crosslinking monomer, (0.733 mmol) and initiator, AIBN (0.011 mmol, 1.8 mg, 1.3 mol% of the monomers) were dissolved in 750 μL of co-solvent/PO mixture (50/50 v/v%). The solvent/ In case of the imprinted polymers a similar recipe was applied, but also the template was added to the polymerization mixture in a molar ratio of 1:4 (diclofenac and naproxen) or 1:8 (toltrazuril) relative to the functional monomer.
Characterization of the polymer particles
Scanning electron microscopy
Morphological characterization of the particles was performed by scanning electron microscopy (SEM) using a JEOL JSM-5500LV SEM instrument after sputter coating with Au/Pd. Particle size analysis was accomplished visually with the ImageJ software (National Institutes of Health, Bethesda, MD, USA) selecting 100 individual particles from the SEM micrographs. Number-average diameter (Dn), weight-average diameter (Dw) and uniformity (U, polydispersity index) of the particles were calculated by the following formulas.
, where D i denotes the individual diameter of a particle obtained from the SEM images, n i is the number of particles with a specific diameter, and k is the number of different diameters.
Low temperature nitrogen sorption
Nitrogen adsorption/desorption measurements were carried out at -195.75 o C with ultrapure N 2 gas on a computer controlled Nova2000e (Quantachrome, USA) volumetric gas sorption surface area and micropore analyzer. Sample preparation was done at room temperature for at least 24 h to approximately 10 -5 mm Hg ultimate vacuum. The apparent surface area, S BET was determined using the BET model. The micropore volume (V micro ) and average pore width (d micro ) were derived by the Dubinin-Radushkevich (DR) model. The total pore volume (V tot ) was evaluated by converting the volume of nitrogen adsorbed at a relative pressure p/p 0 ≈ 0.99 (p and p 0 denote the equilibrium pressure and the saturation pressure of nitrogen at -195.75 o C, respectively) close to unity, on the assumption that the pores are filled with liquid nitrogen.
Equilibrium batch rebinding measurements
Equilibrium batch rebinding measurements were carried out at room temperature to characterize the molecularly imprinted polymers. MIPs and non-imprinted polymers (NIPs) were weighed into polypropylene microtubes and the solution of the template was pipetted onto the particles. Toluene was used as solvent. The phase ratio was set at 60, i.e. 60 µL solution/mg polymer was applied in all the experiments. The samples were shaken on a Grant-Bio PTR-35 multi-rotator (Grant Instruments Ltd., Shepreth, UK) overnight, until equilibrium was reached. The samples were centrifuged on an Eppendorf Minispin microcentrifuge (Eppendorf AG, Hamburg, Germany) to separate the particles. The supernatant was evaporated under a gentle nitrogen stream and reconstituted in the chromatographic eluent. 10 μL sample was injected into a Perkin Elmer Series 200 HPLC system to quantify the unbound analyte concentration. The chromatographic separation was accomplished on a reversed phase column (Purospher RP18-e, 125×3 mm, 5 μm, Merck, Darmstadt, Germany) and the eluent flow rate was 600 μL·min -1 . The mobile phase consisted of 50% phosphate buffer (pH 3.0, c=10 mM) and 50% acetonitrile. The detection wavelength of the UV detector was set at 233 nm.
From the equilibrium concentration of the solution phase the bound concentration of the analyte was calculated according to the following equation: 
Characterization of the polymer-solvent interactions
To correlate the observed morphology of the polymer particles to their solubility in the polymerization solvent or solvent mixture the Hansen solubility parameter "distance" between the solvent and the polymer system has been estimated. The following equation gives the solubility parameter distance, R a , between two materials based on their respective partial solubility parameter components [17] .
, where δ D , d P and δ H represent the dispersion, polar and H-bonding components of the Hansen solubility parameter (HSP), respectively, while subscripts 1 and 2 refer to the solvent and the polymer. HSPs of solvents and monomers were taken from literature data [17] unless otherwise noted (see Table S1 in the Supporting Information). Solubility parameters of compounds without existing literature data have been estimated by the group contribution method of van Krevelen [18] . Hansen solubility parameters of solvent mixtures or monomer mixtures were obtained as the weighted average of the components' respective HSP values using their volume fraction as the weighting factor. δ of the polymers can only be determined indirectly and depends on the crosslinking density. In our calculations the HSP of the polymers has been estimated by that of the constituting monomer mixtures as they are often found to be close in practice [19] .
Determination of the co-solvent content in the polymer phase and the solution phase
Polymerization was thermally initiated in three replicate samples. Polymerization was stopped after 3 hours by cooling the samples to room temperature. Microgel particles formed up to this point were separated from the solvent phase in a 2 mL Costar Spin-X centrifuge tube filter (0.45 μm, Corning Inc., Corning, NY, USA) by centrifugation at 15,000 rpm at 4 o C in an Eppendorf 5430R centrifuge (Eppendorf AG, Hamburg, Germany). Both the filtrate and the separated polymer were analyzed for the co-solvent content. In case of chloroform, this highly volatile solvent was evaporated from the samples and was determined by the weight loss. Toluene concentration was determined by UV absorbance measurements at 260 nm on a Jasco V550 UV-Vis spectrophotometer (Jasco Inc., Easton, MD, USA). Hexane was used to dilute the collected solution phase and to extract the polymerization solution from the polymer particles prior to photometric analysis.
Results and Discussion
In our previous works [15, 16] it has been shown that spherical micro/nanoparticles can be directly prepared in free radical crosslinking copolymerization of MAA and EGDMA in highly concentrated (up to 40 v/v%) monomer solutions using particular solvents or solvent mixtures. In the present work we give a possible explanation for the observed phenomenon, i.e. why distinct particles are formed at high monomer loadings instead of a monolith if these solvents are used. The distinct particle morphologies observed in different polymerization systems are explained by examining the solvency conditions and studying the solvent composition in the solution and in the polymer phase during polymer synthesis. Furthermore, we expand the scope of this new approach to different polymer systems and study the effect of various polymerization conditions (type and composition of the polymerization solvent, functional monomer and crosslinker) on the formation, size and morphology of the obtained particles. Finally, we prove the general usability of the proposed polymerization method in molecular imprinting, by preparing MIP microparticles for various templates with different functional monomers, crosslinkers and polymerization solvents and assess the efficiency of imprinting.
Formation of polymer particles using high monomer loadings
It is well-known that precipitation polymerization can be conducted only in dilute monomer solutions, otherwise macrogelation occurs. Nevertheless, we have managed to prepare polymer microparticles in highly concentrated polymerization medium using particular solvents or solvent mixtures. In a first series of experiments we have used highly viscous solvents like paraffin oil, saturated and unsaturated fatty acid triglycerides, other fatty acid esters, and ionic liquids (trihexyl(tetradecyl) phosphonium tris(pentafluoroethyl) trifluorophosphate, 1-butyl-3-methylimidazolium tetrafluoroborate). Paraffin oil had to be admixed with different co-solvents to enable dissolution of the monomers in the polymerization medium. We have earlier supposed that the high viscosity of these solvents was responsible for the particle formation. However, not all the above solvent media had high viscosity. Paraffin oil is highly viscous in itself but the addition of a low viscosity co-solvent significantly reduces its viscosity. Conclusively, our first assumption was wrong. Indeed, we could later also observe particle formation in highly concentrated polymerization media using certain small molecule solvent mixtures of low viscosity (e.g. glycerol-methanol, water-methanol).
Therefore, we made a new presumption that the solubility parameter difference between the solvent and the polymer system is critical in the particle formation. To investigate this concept we have synthesized four polymers from 4-VPy and TRIM (see Section 2.2) using different polymerization solvent mixtures. Paraffin oil, and three lower hydrocarbons, hexane, decane and tetradecane were used in a 1:1 mixture with chloroform. Using paraffin oil, uniform spherical particles were obtained while the other hydrocarbons yielded monolithic polymers (see SEM images of the polymers in Figure S1 in the Supporting Information). It has to be noted that with increasing chain length of the hydrocarbon the hardness of the monolith decreased. Using tetradecane we could observe that some segments of the monolith were already built up of particles. If we consider the Hansen solubility parameters of paraffin oil, tetradecane, decane and hexane (see Table  S1 in the Supporting Information) we can see that there are only minor differences between them (1.3 unit difference between the largest and the smallest one). Furthermore, all polymerization solvents contained 50% chloroform, which further diminishes these small differences between the solvent mixtures. Therefore, the difference between the solubility parameters of the solvent and solute cannot explain the particle formation by itself. However, solubilization is also affected by the molar volume of the solvent. It is well known that solvents with large molar volume are thermodynamically worse solvents than smaller ones with identical solubility parameters [17] . The estimated molar volume of paraffin oil (463 cm ). This implies that paraffin oil is thermodynamically less compatible with poly(4-VPy-co-TRIM) than the lower alkanes studied, although the solubility parameters of the latter ones are similar to that of paraffin oil. This applies also to the other large molecular weight solvents we have used earlier in precipitation polymerization with high monomer loadings. The small molecular weight solvents that we have used for this polymerization (1-butyl-3-methylimidazolium tetrafluoroborate, glycerol-methanol mixture), all had very different solubility parameters from that of the polymer, indicating high incompatibility. Therefore, we suppose that in order to produce particles in precipitation polymerization at high monomer concentration one has to apply a thermodynamically 'very bad' solvent (non-solvent) which either has a very different solubility parameter than the polymer or needs to have a large molar volume. Such a bad solvent is expected to separate completely from the polymer network during polymerization and seclude the growing particles. If the solvent is largely incompatible with the polymer it can be problematic to dissolve the monomers, but this can be overcome by using appropriate co-solvents. In this case the incompatible solvent still separates from the growing polymer while the polymer remains swollen mainly with the co-solvent, as it will be shown in the next section.
Particle growth during polymerization
We have observed two distinct characteristic particle morphologies in the proposed precipitation polymerization method; smooth monodisperse microspheres and segmented cauliflower-like microparticles. Copolymerization of 4-VPy with TRIM in 1:1 mixture of chloroform/PO (polymer P1 in Table 1 ) resulted in highly monodisperse smooth microspheres, while copolymerization of MAA with EGDMA in 1:1 mixture of toluene/PO (polymer P2 in Table 1 ) afforded segmented microparticles. The formation of these different morphologies was studied by stopping the polymerization reaction after different times. The resulting polymer particles were washed, weighed and visualized with SEM.
In the 4-VPy/TRIM system as early as 10 minutes after the onset of the polymerization the clear solution turned opaque and polymer particles of about 430 nm diameter were obtained (Figure 2A) .
The particles grew continuously for 6 hours, reaching a final size of 1.84 μm ( Figure 2B and C and Figure 3) . The yield was also rapidly increasing and reached nearly 100% after 6 hours ( Figure 3) .
The poly(4-VPy-co-TRIM) particles were narrow disperse throughout the polymerization with a polydispersity index between 1.011 and 1.036. Plotting the cubic number-average particle diameter that is related to the volume or mass of the particles versus the yield gave a linear relationship with a correlation coefficient of r=0.991. From this we can conclude that there is no secondary nucleation or coagulation after the primary nucleation during the polymerization process just like in the conventional precipitation polymerization from dilute solutions.
The formation of poly(MAA-co-EGDMA) particles in a 1:1 mixture of toluene/PO has followed a rather different pattern. Samples taken right after the cloud point at 1 hour and later after 3 hours and 24 hours are shown in Figure 2D , E and F, respectively. In Figure 2D we can observe that aggregated microgel particles with approx. 100 nm diameter precipitate from the solution at the onset of the phase separation. As the polymerization proceeds, the micropores between aggregated microgel particles are gradually filled up with oligomers or soluble polymers depositing from the solution phase as can be perceived from Figure 2E and F.
In order to explain the difference in the observed particle morphologies we have assessed the solvency conditions in the two systems. We have calculated the Hansen solubility parameter distances (Ra, see Section 2.3.4) of the individual solvents from the respective polymers (see Table 2 ). This "distance" is a measure of how compatible is a solvent with the polymer. Bigger distance means less compatibility while lower distance predicts better solvation.
From Table 2 one can see that paraffin oil exhibits high R a values from both polymers indicating that paraffin oil is a non-solvent for these systems. This can also be inferred from the fact that paraffin oil cannot solubilize the monomers by itself. Chloroform and toluene have lower R a values from the respective polymers. Indeed, toluene is generally considered as a good solvent for poly(MAAco-EGDMA) as it allows the formation of a microporous polymer network with high specific surface area when used alone as solvent [20] (see Table 4 ). Chloroform is even better solvent for poly(4-VPy-co-TRIM) since bulk polymers prepared in neat chloroform collapse upon removal of the solvent and are essentially nonporous in the dry state (see Table 4 ), indicating that the solvent remains in the gel during the whole polymerization process and does not separate from the polymer phase. Hansen solubility parameter distances of chloroform, toluene and paraffin oil from the poly(4-VPy-co-TRIM) and the poly(MAA-co-EGDMA) polymers.
Ra from poly(4-VPy-co-TRIM)
Ra from poly(MAA-co-EGDMA)
Paraffin oil 89.0 102.4 Chloroform 13.9 -Toluene -68.9 Table 2 shows that toluene and chloroform are much better solvents of the respective polymers than paraffin oil. We suspected that during polymerization paraffin oil may segregate from the co-solvent-swollen polymer. To find out, how the solvent components behave during polymerization, i.e. how they distribute between the solvent and the polymer phase an experiment has been designed. The co-solvent content was separately measured in the polymer phase and in the solution phase 3 hours after the onset of the polymerization. By that time already a substantial amount of polymer was formed which could be conveniently separated from the surrounding solvent phase by centrifugal filtration (see Section 2.3.5). The chloroform or toluene content of the polymer phase and that of the filtrate were separately measured and compared to a theoretical co-solvent concentration that would prevail if the solvent composition was homogeneous throughout the system. The theoretical toluene and chloroform concentrations in the 3-hour samples were estimated from their initial values in the polymerization mixture and the amount of polymer formed up to this point, considering that the solvent components become more concentrated as polymer precipitates out of the solution. The results for the two polymerization systems can be seen in Table 3 .
From the above data one can draw some interesting conclusions. First of all, it can be seen that 4-VPy/TRIM particles are preferably solvated by chloroform. The polymer phase contains almost 20 m/m% more chloroform than expected, indicating that it is very much enriched in chloroform. This number might be even higher in reality because centrifugation cannot fully draw out the solution from the interstitial voids between the particles so we measure an average concentration of the polymer and the interstitial solvent.
A similar but much less pronounced effect is observed with the MAA/EGDMA polymer prepared in the mixture of toluene and paraffin oil. The toluene concentration of the polymer particles is only about 6 m/m% higher than the calculated theoretical value which is in accordance with the fact that toluene is a worse solvent for the polymer than chloroform.
From the above results we can assume that the growth of the smooth poly(4-VPy-co-TRIM) microspheres in the presence of chloroform/PO proceeds in the following manner. Primary particles formed are insoluble and separate from the non-solvating paraffin oil but they are highly swollen by the good solvent, chloroform that they extract from the solvent mixture. The core of the particles is highly crosslinked but their surface at any instant is lightly crosslinked with unreacted double bonds. The solvent swollen gel particles grow by capturing monomers or oligomers from the solution and are stabilized against coagulation. In contrast to conventional precipitation polymerization no monolith formation is observed in this concentrated polymerization system. The reason for this is most likely the observed segregation of paraffin oil.
In the MAA-EGDMA copolymerization from toluene-PO mixture the growth of the cauliflower-like microparticles probably proceeds with the enthalpic precipitation mechanism usually observed in low solvency media. Here, the phase separation of microgel particles takes place at an early phase of the polymerization due to their insolubility in the solvent. At this point the solution phase still contains significant levels of monomer and crosslinker. Their co-polymerization fuses the microgel particles together and fills up small pores [20] .
In the following we have studied how the ratio and type of the co-solvent, the functional monomer and the crosslinker affect the particle morphology. We were mainly focusing on monomers and solvents commonly used in molecular imprinting thereby exploring the scope of the method to other polymer systems. 
Polymerization parameters affecting particle morphology 3.3.1 The solvent/co-solvent ratio
The composition of the polymerization solvent was studied in the above two polymerization systems. The percentage of the co-solvent in PO has been changed systematically from 75% to 25% (polymers P3, P1 and P4 with 4-VPy/TRIM and P5, P2, P6 with MAA/EGDMA in Table 1 ). With 100% and 75% chloroform and with 100% toluene hard monoliths were obtained. At lower co-solvent ratios particles were formed, however their surface morphology was rather distinct depending on the amount of co-solvent used. With high co-solvent content spherical particles with a rather smooth surface were obtained while decreasing the co-solvent content the particles were aggregated and cauliflower-like ( Figure 4 ) particles obtained. These results confirm that higher levels of the good co-solvent contribute to the colloidal stability of the primary particles formed, while at lower solvency the homo-coagulation period of primary particles is prolonged, resulting in final microspheres with irregular shapes and surfaces. Conclusively, not only the solvation capability of the co-solvent but its proportion in the polymerization solvent mixture is an important factor to tune the morphology of the microspheres.
Different co-solvents
Various co-solvents were mixed with PO in a 1:1 ratio and were applied in the co-polymerization of 4-VPy and TRIM (polymers P1, P7-P14 in Table 1 ). The typical polymerization recipe was used as described in Section 2.2 except in the case of dichloromethane where UV initiation was carried out instead of thermal polymerization due to the high volatility of this solvent.
Uniform particles with rather smooth surface were obtained using 1-octanol, THF, dichloromethane, chloroform and 1,1,1-trichloroethane. Segmented particles with a wider size distribution range and a cauliflower-like surface were observed in carbon tetrachloride, caprylonitrile, cyclohexane and toluene ( Figure 5 ).
We have correlated the observed particle morphology to the solvation capability of the different co-solvent/PO mixtures by calculating the Hansen solubility parameter distances from the poly(4-VPy-co-TRIM) polymer (see Table S2 in the Supporting Information). Co-solvent/ PO mixtures with solubility parameter distances below ≈60 afforded uniform particles with smooth surface, while solvent mixtures with higher R a values produced segmented and more aggregated particles. The only exception was the caprylonitrile/PO mixture which has a relatively low solubility parameter distance (43.4) but it still affords segmented particles. This can be attributed Figure 4 : SEM images of polymer particles prepared with different amounts of cosolvents in the polymerization solvent. A) poly(4-VPy-co-TRIM) using 50% chloroform and 50% paraffin oil (P1); B) poly(4-VPy-co-TRIM) using 25% chloroform and 75% paraffin oil (P4); C) poly(MAAco-EGDMA) in 75% toluene and 25% paraffin oil (P5); D) poly(MAA-co-EGDMA) in 50% toluene and 50% paraffin oil (P2); E) poly(MAA-co-EGDMA) in 25% toluene and 75% paraffin oil (P6). The bars in the pictures denote 1 μm.
to the fact that caprylonitrile has a high molar volume therefore it is less solvating than it could be predicted from its solubility parameter.
Functional monomers
Polymers using the typical polymer recipe (see Section 2.2) have been prepared by co-polymerizing TRIM with different monofunctional monomers commonly used in molecular imprinting like 4-vinylpyridine, methacrylic acid, methacrylamide, hydroxyethyl methacrylate and methyl methacrylate (polymers P1, P15-P18 in Table 1 ). Interestingly, microspheres prepared from the different functional monomers could be classified into two groups upon their appearance ( Figure 6 ).
4-VPy and MAAm gave smaller spherical particles with narrow size distribution while MAA, MMA and HEMA gave large particles with wider size distribution. The latter ones were composed of a few smaller fused particles. This might indicate that at some point of the particle growth surface stabilization in the MAA, MMA and HEMA based particles was not so efficient and the microspheres could aggregate forming multiplets.
Crosslinkers
Three different crosslinkers TRIM, EGDMA and DVB-80 have been co-polymerized with 4-VPy in chloroform/PO using the typical polymerization conditions (polymers P1; P19; P20 in Table 1 ). SEM pictures of the polymer particles with the different crosslinkers are shown in Figure S2 in the Supporting Information. In all three cases a fine powder was obtained but there was a striking difference between the microscale morphology of the DVB-based and the other two, methacrylate-based polymers. EGDMA and TRIM afforded regular spherical particles although EGDMA-based ones were slightly bigger and sometimes coalesced. Contrarily, with DVB-80 smaller, irregular aggregated polymer particles were obtained. We attribute this behavior to the higher solubility of divinylbenzene in paraffin oil as opposed to the methacrylates. This implies that the solubility difference of the DVB-based polymer in the two components of the solvent mixture will be less, so extraction of chloroform into the polymer phase will be less pronounced and the particle surface stabilization will be less effective leading to smaller, aggregated particles.
Molecular imprinting using precipitation polymerization at high monomer concentrations
MAA/EGDMA based polymer particles have been previously imprinted with a basic compound, terbutylazine at high monomer concentrations in our group [15] . We aimed to extend the scope of the method therefore acidic and neutral templates have been imprinted using various functional monomers, crosslinkers and polymerization solvents. Two targeted molecules in these experiments were acidic non-steroidal anti-inflammatory drugs, naproxen and diclofenac, while the third one was a neutral antiprotozoal drug, toltrazuril. Naproxen and diclofenac imprinted polymers were synthetized using the basic 4-VPy as functional monomer, while methacrylamide was used in the imprinting of toltrazuril. EGDMA was applied as crosslinker in naproxen and diclofenac MIPs, and TRIM was used in the toltrazuril MIP. The naproxen MIP was synthetized in toluene/PO while the other two templates were imprinted in chloroform/PO solvent mixture. The choice of the crosslinker and polymerization solvent was the result of an optimization process for naproxen and diclofenac MIPs to achieve better imprinting efficiency (see Figure S3 in the Supporting Information). These parameters for the toltrazuril MIP have not been optimized. The typical polymerization recipe (see Section 2.2) was used in all cases and non-imprinted polymers have been prepared as well. All the polymerizations afforded a powdery material despite the high monomer concentration. SEM images indicated the formation of segmented microparticles in case of naproxen MIPs and NIPs ( Figure 7A and B) . Smooth microspheres fused from a few smaller ones with a diameter of about 3 mm were characteristic of diclofenac polymers ( Figure 7C and D) . Toltrazuril MIP and NIP particles were regular smooth microspheres with a diameter of 1.6 μm ( Figure 7E and F) .
Interestingly, the non-imprinted particles were in all three cases more aggregated. Probably, the presence of the template during polymerization is counteracting the agglomeration of the forming beads.
Low temperature N 2 adsorption/desorption isotherm measurements were performed to obtain porosity data of the polymers. For comparison, bulk polymers from 4-VPy and TRIM were also prepared in neat chloroform and toluene with the same composition. Data derived from the isotherms are shown in Table 4 .
An early study of MIPs highlighted that toluene is a good pore forming agent in MAA/EGDMA based polymers while chloroform is not [19] . This is in concordance with our findings that the bulk polymer prepared in toluene had a very high specific surface area (435 m ) similar to that of the bulk polymer synthetized in chloroform, even when toluene was used as co-solvent. In contrast, polymers with MAAm had a relatively high specific surface area and higher porosity.
If we compare the imprinted polymers prepared with different crosslinkers (TRIM or EGDMA), we can observe that the TRIM crosslinked toltrazuril MIP exhibited increased specific surface area compared to its nonimprinted counterpart, whereas polymers prepared with EGDMA do not show this difference (for additional evidence on other polymer compositions see Table S3 in the Supporting Information). Also the total pore volume and the volume of micropores are increased in the TRIM crosslinked MIP compared to the NIP, while the micropore diameter is reduced in the presence of the template. Interestingly, this implies that depending on the type of crosslinker the presence of the template might or might not have an effect on the morphology of the polymer.
Template binding properties of the different polymers have been assessed in equilibrium batch rebinding measurements in 100 μM toluene solution of diclofenac, Distribution coefficient ratios for MIP and NIP were calculated and are shown in the figure to characterize imprinting efficiency. All three MIPs have a much higher (from four to five times higher) binding than the respective NIPs confirming successful imprinting. As can be deduced from the porosity data the increased binding on the MIP cannot be attributed to the increased specific surface area (and consequently more non-specific binding sites) of the imprinted polymer. Even in the case of the toltrazuril MIP only a two fold increase in the BET surface area is observed which cannot account for the approximately 5 times higher binding on the imprinted polymer.
The above examples where the novel precipitation polymerization method has been successfully applied for the imprinting of various templates confirm the adaptability of the procedure to molecular imprinting in different monomer and solvent systems.
Conclusion
Free radical crosslinking co-polymerization of different functional monomers and crosslinkers in concentrated monomer solutions (≥25 v/v%) has led to the formation of micron sized particles. Thermodynamically incompatible solvents with high molar volume, alone, or in combination with small molecule solvents were used to hinder the formation of bulk monoliths and produce microparticles. Narrow disperse smooth microspheres were formed using good solvents as co-solvent, while poorer co-solvents yielded segmented microparticles. It has been experimentally proven that during polymerization after phase separation the ratio of the co-solvent and paraffin oil is changing both in the polymer phase and the solvent phase. The solution is depleted of the co-solvent while polymer particles are enriched in it. The more compatible the co-solvent is with the polymer, the more it is extracted into the precipitated particles.
We have clarified the role of different polymerization conditions; the type of functional monomer, crosslinker and co-solvent and the ratio of the co-solvent/non-solvent on the final morphology of the resulting particles. Based on the results it is feasible to design new polymerization recipes which are well-suited for molecular imprinting. This approach substantially extends the choice of the solvents currently used in precipitation polymerization. More apolar solvents, which suit better to the imprinting of H-bonding templates than acetonitrile, become usable in combination with a non-solvating diluent. Moreover, compared to precipitation polymerization conducted in dilute monomer solutions this method significantly reduces the solvent need and results in full conversion of the monomers making the process more economical. The formation of the template-functional monomer complexes is promoted in the highly concentrated medium that might lead to higher imprinting efficiency. We can conclude that the method provides additional benefits to conventional precipitation polymerization and facilitates the adaptation of bulk MIP recipes to direct microsphere synthesis. Figure S1 : SEM images of poly(4-VPy-co-TRIM) polymers prepared with alkanes of different chain length using chloroform as co-solvent A) hexane B) decane, C) tetradecane, D) paraffin oil. The bars in the pictures denote 10 µm. 
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